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COMPOSITIONS AND METHODS FOR THE QUANTIFICATION 
OF STEROL BIOSYNTHETIC FLUX 

This invention was made in pan with government support under grants 
MCB9506810 and MCB9828216 from the National Science Foundation. The 
government has certain rights in the invention. 

FIELD OF THE INVENTION 

This invention generally relates to a novel assay for the screening of compounds 
that are agonistic or antagonistic to the mevalonate pathway and sterol and cholesterol 
synthesis. In selected embodiments this assay incorporates colorimetric, growth, and 
immunological methods for high throughput screening of compounds. 

BACKGROUND 

A finely tuned mechanism regulates the biosynthesis of mevalonate, the precursor 
of isoprenoid groups that are incorporated into more than a dozen classes of end products. 
These include: sterols, especially cholesterol, involved in membrane structure; haem A 
and ubiquinone, involved with electron transport; dolichol, required for glycoprotein 
synthesis; isopenentyladenine, present in some transfer RNAs; and intercellular 
messengers, such as cytokines in plants, famesylated mating factors in fungi, juvenile 
hormones in insects and steroid hormones in animals. Interest in the regulatory 
importance of mevalonate was heightened by the discovery that growth-regulating plV" 
proteins (encoded by ras proto-oncogenes and oncogenes) and nuclear envelope proteins, 
are covalently attached to famesyl residues. These famesyl residues, in turn, anchor said 
proteins to cell membranes. Inhibition of mevalonate synthesis prevents famesylation of 
these proteins and blocks cell growth. To ensure constant production of the multiple 
isoprenoid compounds at all stages of growth, cells must precisely regulate mevalonate 
synthesis while avoiding over accumulation of potentially toxic products such as 
cholesterol. (Goldstein and Brown, "Regulation of the mevalonate pathway" Nature 
343:425-430, 1990). 

The ability to regulate flux through the mevalonate pathway (Figure 1) is of 
medical importance because inhibitors of this pathway have been used to treat 
hypercholesterolemia and, consequently, to diminish the risk of heart attack. (Endo, "The 
discovery and development of HMG-CoA reductase inhihhoTs" J Lipid Res 33:1569- 
1582, 1992). Alteration of the pathway also affects the function of oncogenes (Reviews: 
Gibbs and Cliff, "The potential of famesyltransferase inhibitors as cancer 
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chemotherapeutics" Annu Rev Pharmacol Toxicol 37:143-66, 1997. The mevalonate 
pathway is an important target for many areas of therapeutic research and application. 
For example, HMG-CoA reductase catalyzes the rate-limiting step of the mevalonate 
pathway (Voet and Voet, Biochemisuy Wiley, New York, 1990); therefore, inhibitors of 
this reductase have been developed for administration to patients with 
hypercholesterolemia in an attempt to lower their blood cholesterol levels (Endo, et aL, ■ 
"Oxygenated cholesterols as ligands for cytosolic-nuclear tumor promoter binding 
protein: yakkasteroids" Biochem Biophys Res Commun 194:1529-35, 1993). Data reveals 
that the "statin" class {eg., compactin and lovastatin; see Figure 1) of reductase inhibitors 
are reasonably safe and somewhat effective in lowering total cholesterol levels and 
preventing the progression and reducing the occurrence of coronary disease events 
(Brown, et ai, "Regression of coronary anery disease as a result of intensive lipid- 
lowering therapy in men with high levels of apolipoprotein B" N EnglJ Med 323:1289- 
98, 1990; Endo, et aL, "Beneficial effects of dietar>' intervention on serum lipid and 
apolipoprotein levels in obese children" AmJ Dis Child 146:303-305, 1992; Nash, et ai, 
"Meeting national cholesterol education goals in clinical practice-a comparison of 
lovastatin and fluvastatin in primary prevention" Am J CardioL 78 (SuppL 6A):26-31, 
1996, but more progress needs to be made in the development of therapies that are more 
effective. 

As an indication of the breadth of potential therapeutic effect regulators of the 
mevalonate pathway can have, the statins, in addition to regulating cholesterol levels, 
also stimulate nitric oxide production (Endres et al, "Role of peroxynitrite and neuronal 
nitric oxide synthase in the activation of poly(ADP-ribose) synthetase in a murine model 
of cerebral ischemia-reperfusion" Neurosci Lett. 248:41-41, 998; Laufs etaL, 
"Upregulation of endothelial nitric oxide synthase by HMG CoA reductase 
inhibitors" Circulation 97:1 129-35, 1998), have antiproliferative affects on some types of 
cancer cells (Lee et a/., "Inhibition of the 3-Hydroxy-3-methylglutaryl-coenzyme A 
reductase pathway induces p5 3 -independent transcriptional regulation of p21'*'*"'*^^P' in 
human prostate carcinoma cells" J. Biol. Chem. 273: 10618-10623, 1998) and have 
immunosuppressive affects. Zaragozic acid inhibits the enzyme activity of squalene 
synthase which is the first step of the pathway committed solely to sterol biosynthesis, 
but appears not to be currently used in the clinical setting. Zaragozic acid D3 inhibits 
famesyl-protein transferase and, therefore, protein prenylation as well (Tanimoto et aL, 
"Inhibitory activity to protein prenylation and antifungal activity of zaragozic acid D3, 
a potent inhibitor of squalene synthase produced by the fungus, Mollisia sp SANK 
1029V J Antibiot (Tokyo) 51:428-431, 1998). 

Si 
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A screen for compounds affecting various steps of the mevalonate pathway 
therefore, could identify potential therapeutics for treatment of hypercholesterolemia and 
other pathological conditions associated with sterol metabolism in addition to compounds 
which may inhibit oncogene protein prenylation and famesynelation. Moreover the 
availability of a screen for Hux through the sterol pathway could be useful for predicting 
undesirable side effects of drugs designed to treat other illnesses. Furthennore since the 
mevalonate pathway is common to most organisms, compounds that regulate the 
mevalonate pathway may have uses beyond medicine such as agriculture and pest 
control. Therefore, what is needed is an efficient, flexible, high-throughput assay to 
screen for agems that are agonistic or antagonistic to mevalonate pathway function. 

SUMMARY OF THE INVENTION 

The present invention relates to an assay designed to detect flux in the melvonate 
pathway. In one embodiment the assay is a plate based assay incorporating the yeast 
stram Saccharomyces cerevi.iae . Although it is not intended that the presem invention 
be limited to a specific mechanism, it is believed that the modification of tRNA.by 
, Mod5p is in competition with flux through the mevalonate pathway. This competition 
results fi-om both ModSp and Erg20p using the same substrate, dimethylallyl-PP (Figure 
1). Mod5p catalyzes the transfer of an isopetenyl moiety to an adenosine generating i*A 
at position 37 of some tRNAs. This modification affects the function of the tRNA in 
translation and may be measured by monitoring nonsense suppression. As shown in 
Figures 2 & 5F, two yeast strains have been generated that possess limiting cvtosolic 
levels of ModSp. When there is increased flux t^^ough the mevalonate pathwav in one 
example, by overproduction of Erg20p (Figure 1), there is less i«A modification of tRNA 
(Figure 3). This decreases the proliferation of cells which grow on media that will 
suppon strains expressing normal levels of Erg20p. See, Figure 2. Such a highly 
sensitive assay can differentiate as little as a two-fold difference in the level of i*A 
modification of tRNA. (Benko, ./ ./., "Competition between a sterol biosynthetic enzyme 
and the tRNA modification in addition to changes in the protein synthesis machinery 
causes altered nonsense suppression" PNAS 91:61-66, 2000). 

Increased cytosolic levels of ModSp cause a different phenotype easily assaved by 
growth on media lacking lysine (Zoladek et al., "Mutations altering the mitochondrial- 
cytoplasmic distribution of Mod5p implicate the actin cytoskeleton and mRNA 3' ends 
and/or protem synthesis in mitochondrial delivery" A/o/C^//5/o/. 15-6884-6894 1995) 
thereby, providing a means for selecting reagents that decrease flux through the pathway 
In one embodimem of the presem invention, therefore, yeast growth on particular media 

3 
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can provide an index for both increases and decreases in mevalonate pathway flux. The 
ass2iys contemplated by the present invention are efficient, inexpensive and provide new 
methods for screening drugs that alter the clinically significant mevalonate pathway . 

It is not intended that the present invention be limited to the identification of 
compounds for only to a specific therapeutic application. However, in selected 
embodiments, compounds that regulate the mevalonate pathway may be beneficial in: (1) 
screening for new drugs to treat hyperlipidemias and other disorders in sterol metabolism 
such as Addison's disease and Cushing's syndrome; (2) screening for drugs that inhibit 
the function of famesylated and prenylated oncogene products; (3) monitoring other 
drugs for possible side effects in sterol metabolism; (4) identification of yeast mutants 
with altered sterol metabolism; (5) screening for agents that alter plant physiological 
processes such as, for example, photosynthesis, cell growth, respiration, architecture and 
defense against pathogen attack (e.g., antibiotics and antifungals). 

The present invention relates to a flexible, high throughput screen for agents that 
are agonistic or antagonistic to mevalonate pathway function. The present invention is 
not limited to any particular high throughput assay. Many high throughput assays are 
contemplated by the present invention. For example, in one embodiment, the present 
invention contemplates visually scoring plates. In another embodiment, the present 
invention contemplates culturing cells in microtiter plates, performing the assay, lysing 
the cells and generating a readout of said cell lysaies via a spectrophotometer. In another 
embodiment, the present invention contemplates reading the cells in a flow cytometer to 
detect changes in cell color and in cell growth. In another embodiment, the present 
invention contemplates measuring (in one example by scintillation) radiation generated 
by H^-tritium as an index to determine cell growth. In preferred embodiments, the assay 
may be performed manually or with the use of automation and robotics for any or all 
steps in the aforementioned procedures. 

The present invention relates to yeast strains engineered to provide detectable 

read-outs for compounds that are agonistic or antagonistic to the mevalonate pathway. In 

a preferred embodiment, the yeast strains are ALBl (genotype: MATamod5'M2 SUP7 

ade2-l canJ-lOO leu2'3, -J J 2 lysl-1 lys2'J trpl uraS-l), ALB8 (genotype: MATaSUP? 

canl-100ade2'l leu2'3. -112 lysl-1 hs2-l trpl mod5::TRPl ura3'l::MOD5) and 

MT8-1D or MD14A with YCf mod5-m2KJl6 plasmid for a lysine based assay. 

It is not intended that the present invention be limited to the screening of any 

particular compound or class of compounds. Proteins, lipids, carbohydrates, 

glycoproteins, lipoproteins, synthetic compounds, compounds contained in combinatorial 
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libraries or compounds and agents already being used as therapeutics may be screened by 
the present assay. Moreover, the screening of known therapeutics according to the 
present invention will reveal, heretofore, unknown side effects associated with the 
modulation of the mevalonate pathway. 

It is not intended the present invention be limited to any panicular protocol to 
quantitate or qualitate the assay. In selected embodiments, for example, the assay output 
may be measured visually, colomieirically, fluorescently, by immunoblot, by radio- 
immunoassay or by HPLC. In a one embodiment, anti- i^A antibody is used to detect i«A 
production in cells treated with a compound. In a preferred embodiment, a Western blot 
is used to detect the presence of i^^A. Quantitation is not limited to any particular method. 
Quantitation may be made by densitometer, chemiluminescence, and radiography. 

The present invemion contemplates a composition comprising yeast with the 
relevant genotype of: SUP7 ade2-l canl-lOO leu2.3 mod5-M2 and designated ALBl. 
The present invention further contemplates a composition wherein the yeast ALBl is a 
strain oi Saccharomyces cerevisiae. Still fimher, the present invention contemplates a 
composition comprising yeast with the relevant genotype of: SUP7 canI-100 ade2-l 
leu2.3 mod5::TRPl ura3-l::MOD5 and designated ALBS. Even still further, the present 
invention contemplates a composition wherein the yeast ALBS is a strain of 
Saccharomyces cerevisiae. Even ftirther still, the present invention contemplates a 
composition comprising the yeast strain ALB 1 wherein the genotype ftirther comprises: 
MATamod5-M2 SUP7 ade2-l canl-lOO leu2-3. -112 lysl-l lys2-l trpl ura3-l. Even 
still ftirther, the present invention contemplates a composition wherein the yeast ALBl is 
a strain oi Saccharomyces cerevisiae. Even ftirther still, the present invention 
contemplates a composition comprising yeast with the relevant genotype of:: MATaSUP? 
canl-100ade2-l leu2-3. -112 lysl-l lys2.1 trpl mod5::TRPl ura3-l::MOD5 and 
designated ALBS. Even further still, the presem invemion contemplates a composition of 
claim 7 wherein the yeast is Sacchoromyces cerevisiae. 

The present invemion contemplates a method, comprising: a) providing: i) a test 
compound, ii) a growth media fonnulated to allow scoring of nonsense suppression in 
yeast, and iii) modified yeast cells derived from wild type yeast cells, wherein said 
modified yeast cells express reduced cytosolic levels of ModSp, or its homolog, as 

-r 
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compared to said wild type yeast cells, and wherein said modified yeast cells comprise a 
gene with a nonsense mutation and a suppressor tRNA gene coding for a tRNA modified 
with isopentenyl adenosine by Mod5 or its homolog; b) exposing a portion of said 
modified yeast cells to said test compound and said growth media to create a treated 
portion and an untreated portion; and c) measuring for growth of said treated portion. 

The present invention also contemplates a measuring of step which comprises 
examining the color of said yeast cells of said treated portion. 

Additionally, the present invention contemplates a measuring of step which 
comprises comparing said treated portion with said untreated portion, wherein said 
untreated portion is exposed to said growth media in the absence of said test compound. 

the present invention contemplates a method, comprising: a) providing: i) a test 
compound, ii) a growth media lacking adenine, and iii) modified yeast cells derived fi-om 
wild type yeast cells, wherein said modified yeast cells express reduced cytosolic levels 
of ModSp as compared to said wild type yeast cells, and wherein said modified yeast 
cells comprise an ADE gene having a nonsense mutation and a gene coding for a 
nonsense suppressor tRNA; b) exposing a portion of said modified yeast cells to said test 
compound and said growth media to create a treated portion and an untreated portion; and 
c) measuring for growth of said treated portion. 

The present invention also contemplates a method, comprising: a) providing: i) a 
test compound, ii) a growth media lacking adenine, and iii) modified yeast cells derived 
from wild type yeast cells, wherein said modified yeast cells express reduced cytosolic 
levels of ModSp as compared to said wild type yeast cells, and wherein said modified 
yeast cells comprise an ADE gene having a nonsense mutation and a SUP7 gene coding 
for a iRNA; b) exposing a portion of said modified yeast cells to said test compound and 
said growth media to create a treated portion and an untreated portion; and c) measuring 
for growth of said treated portion. 

The present invention also contemplates a method, comprising: a) providing: i) a 
test compound, ii) a growth media lacking arginine and comprising a canavanine salt, and 
iii) modified yeast cells derived from wild type yeast cells, wherein said modified yeast 
cells express reduced cytosolic levels of ModSp as compared to said wild type yeast cells, 
and wherein said modified yeast cells comprise a CANl gene having a nonsense mutation 
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and a gene coding for a nonsense suppressor iRNA; b) exposing a portion of said 
modified yeast cells to said test compound and said growth media to create a treated 
portion and an untreated portion; and c) measuring for growth of said treated portion. 

The present invention also contemplates a method, comprising: a) providing- i) a 
test compound, ii) a growth media lacking arginine and comprising a canavanine salt and 
ui) modified yeast cells denved from wild type yeast cells, wherein said modified yeast 
cells express reduced cytosolic levels of Mod5p as compared to said wild type yeast cells 
and wherein said modified yeast cells comprise a CANl gene having a nonsense mutation 

and a SUP7 gene coding for a tRNA; b) exposing a portion of said modified yeast cells to 

said test compound and said growth media to create a treated portion and an untreated 

portion; and c) measuring for growth of said treated portion. 

Additionally, the presem invention contemplates a method wherein said gene 

coding for said nonsense suppressor ,RNA is selected from the group consisting otSUP? 

and SUP] J. 



The present invention further contemplates a method comprising: a) providing i) 
one or more compounds, ii) a first yeast cell line designated ALB 1 ; ii) a second yeast cell 
hne designated ALB8; b) contacting a portion of said cells from i) said first yeast cell line 
and 11) said second yeast cell line, with said one or more said compounds, so as to create 
treated portions and untreated portions of cells: and, c) comparing said treated cells with 
said untreated cells. Even further, the presem invention comemplates that the method of 
comparison of said treated or untreated cells may be by color and cell growth (i.e.. the 
amount of cell division). 

•Die presem invention fimher comemplates a method comprising: a) providing i) 
one or more compounds and ii) a yeast cell line selected from a group consisting of yeast 
strains designated ALBl and ALBS; b) comacting a portion of said cells from said yeast 
cell line with said one or more said compounds, so as to create treated portions and 
untreated portions of cells; and. c) i) comparing said treated cells with said untreated 
cells. The presem invemion fiirther comemplates the companson of treated and untreated 
cells by color and by cell growth. 
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DESCRIPTION OF THE FIGURES 

Figure 1 shows the mevalonaie pathway. 

Figure 2 shows the level of isopentenylated iRNA found in ALBl over- 
expressing ERG20 is substantially reduced. 

. A. Low molecular weight RNA was prepared from ALB 1 (mod5-M2) with each 
of the candidate genes or vector alone, ALBS {MODS) or MDMA {modS-l). The RNAs 
were resolved on polyacrylamide gels, transferred to membranes and probed with anti- 
isopentenyl adenosine antibody (upper panel) or radiolabeled oligonucleotide 
complementary to mature tRNA^^ (lower panel). 

B. The levels of isopentenyl adenosine tRNA found in ALBl with each of the 
candidate genes or vector only or in the strain ALBS or MDMA were assessed by 
densitomeiric analysis of two immunoblots and expressed as a fraction of the level found 
in the "vector ' control. (A) membrane 1 values; (B) membrane 2 values; (C) average 
values. 

Figure 3 presents a model of competition between i^A modification of tRNA and 
sterol biosynthesis. 

Figure 4 presents selected mutations introduced into the MOD5 gene and 
oligonucleotides. See, Gillman ei aL, ''M0D5 translation initiation sites determine N6- 
isopentenyladenosine modification of mitochondrial and c>aoplasmic tRNA'*, " Mol Cell 
5/0/11:2382-2390. 

Figure 5 presents two yeast strains that present limited cytosolic levels of Mod5p. 
Cells with the mod5-M2KR6 allele (TS-ID with YCfinod5-M2KR6 as projected in Fig. 
5) have a very small cytosolic pool of ModSp and the cells are unable to grow in the 
absence of lysine. 

Figure 6 presents a restriction map of YEpMOD5(7.0) and subclones 
YEpM0D5(l .8) and YEpMOD5(l .9). Numbers in parentheses indicate size of insert. 
See, Dihanich, et ai, "Isolation and characterization of MODS, a gene required for 
isopentenylation of cytoplasmic and mitochondrial tRNAs of Saccharomyces cerevisiae" 
Mol Cell Biol 7:177-184, 1987). 

DEFINITIONS 

To facilitate understanding of the invention, a number of terms are defined below. 
"Genotype" shall be defined as the genetic makeup of an organism as encoded in 
its DNA. 
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-Relevan, genotype" shall be defined as specific genes ,hat if expressed have 
impact on Ihcmvestigalion under way "P'^sed, have 

A "nonsense suppressor ,RnA-. is mean, ,„ indicate one of several known 
suppressor .RNAs. For exantple. SUP7.; codes for an altered tRNA that is one of 
several efficient .yrosine-insening U.^A suppressors. (H. Laten e, < Nucleic Acids 
R«. 5:4329 a,7S,,. ."<-«d.. (and SC;. for .ha, .aner, can suppress the ^ 
nonse„seallele(aswe,,asothernonsensen,u,a,ions,. T„e iy.. gene encodes an ' ' 
en^e itrvoived in the biosynthesis of lysine. Mutations in this gene prevent growth on 
media lacking exogenous lysine. 

As used herein, the te,™ "sconng of nonsense suppression in yeast" refers to 
d«enn,ning the level of suppression due to translation though the nonsense codon in 

relative to a control santple wherein said control santple compnses reduced or 
absent translation tl^ough the nonsense codon in mRNA because of difl-erences in 
suppressor tRNA. 

h'™-- with the n,od5-M2 allele (strain ALBl projected in Fi. 
2 contatns a mutat.on at codon 12 preventing the initiation of Mod5p.fl t JlationTal^' 
allow only Mod5p, production) have about 50% of the SUP7,oo> mol fiX^^t 

:::czr"- 

M2KR6f "Vh 'T' ""^^-M^KR* allele (TWD with YcfinodS- 

M2KR6 as projected tn F,g. 5) have a very small cytosolie pool of Mod5p and the cells 
are unable to grow in the absence of lysine 

Yeas, strain "ALB." is defined as a substantially pure population of yeast with 

^ra3.l and the relevant genotype of: SUP? aie2.l can,-,00 ,..2-3.1,2 „.o,S.M2 Tire 
yeas, may be of the species &ccWmv«s cereMsiae. 

Yeast strain "ALBS" shall be defined as a substantially pute population of yeast 
With the genotype of: MATaSUPT ca„,.,00 a,.2-, Ieu2.3. .,,2 II, ,ys2, 'j 

with ,b - ^ -bstantially pure population of yeast 

wtth the genotype of:: MATa SUP,, a,e2., 1^2-3. -,,2 A.L 

uro 3.,. The yeast may be of the species SaccUoronn-cs cer^^ae 

H 



wo 00/78994 



PCT/USOO/17190 



As used herein, CANl refers to a sequence encoding an arginine permease that 
allows' the uptake of the arginine analog canavanine. Canavanine interferes with the 
process of translation and cells cannot grow in its presence. Therefore, cells with wild- 
type CANl are sensitive to canavanine, but cells with the mutant canJ-lOO, that does not 
encode a properly functioning permease, are resistant to canavanine and can grow in its 
presence. See, Bun-Ichiro Ono, ei oL, "Nonsense Mutations in the canl Locus of 
Saccharomyces cervisiae\ Journal of Bacteriology, June 1983, pp. 1476-1479. 

As used herein, ^£)£2 refers to a sequence which encodes an enzyme involved in 

the synthesis of adenine. Cells with ade2-l turn red in color and fail to grow on defined 
medium lacking adenine (Ade), whereas cells producing functional Ade2p can grow on 
such medium (Ade-f ) and are white. Cells with the ade2-l allele and sufficient i6A- 
modified suppressor tRNA can grow in the absence of exogenous adenine and generate 
white colonies on rich medium, whereas cells with insufficient i6A-modified iRNA are 
unable to grow in the absence of exogenous adenine and generate red colonies on rich 
medium. Cells with intermediate levels of i6A modified tRNA have intermediate 
phenotypes in colony color and intermediate rates of growth in the absence of exogenous 
adenine. 

As used herein a, "substantially deficient adenine growth media" refers to a 
culture media that, in one embodiment, has less than 20mg /L of adenine while in a 
preferred emodiment has less than 5mg/L of adenine. 

"Wild type" shall be defined as the genomic makeup of an organism (the . 
genotype) before modifications have been made. In other words, it is the parent strain of 
the organism. 

The temi "binding interaction" when used in relation to RNA shall be defined as 
the ability of two or more proteins to bind to each other {e.g., to produce an aggregate). 
The present invention makes no limit on the stringency of the binding interaction so long 
as the interaction can be detected by methods known to those practiced in the art {e.g., by 
Western blot, coimmunoprecipitation, spectrophotometry, colorimetric assay, etc.). 

The term "homology" when used in relation to proteins refers to a degree of 
similarity. There may be partial homology or complete homology identity). A 
partially similar sequence is one that may partially inhibit a similar sequence fi-om 
performing its function {e.g., enzymatic, binding, etc) in vivo or in vitro and is referred to 
using the functional term "substantially homologous." The inhibition function of the 
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substantially similar sequence may be examineH nc.'. 

-say or o*. assay designed ,o LZZl^ZT T ' ''"""^ 

sim«arp.,.i„.Aiub«a;,ia,,yh„mC 

homolog and inhibit i,s funcUo^ ( 7 IbZ ! °' '"'^f- ' 

say ,ha. conditions of ,o» stringlcv 'a^LttZ ''^'^T """^ "°' 

Ws,._ 

ug/n,, denatttred sa,.on s^enn n.:Z:t^Z^:::2^r" " 
SSPE 0 1 % qnQ A-jon u ^'isnmg m a solution compnsing 5X 

■ hI^-:: co:r:t:r:~^^ 

con,pn»conditionse,.va,e„,tobi„di„g:l;r^^ 

cons,»„g of 5X SSPE ,43.8 g. Nad, 6.9 g. NaH.Pa-H^O a„d^ 5 A p„ 
adjusted to 7.4 with NaOH) 0 5% SD<? w r. u ^ . ^ ' 

Sainton spe™ DNA foHowL ^ 1 fhtgfn alT ^^"^'"^ 
at^ocr u . ^ in a solution compnsing O.I X SSPE 1 0%sn<: 

at« Cwhenaprobeofabo«500n„cleotid«i„,cn8,l,is«nplojed 

Wlten used in reference to nucleic acid hybddization tlte an knows well that 
numerous e,n,va,e„, conditions ™ay be employed to comprise eitber Z o^^T 
stnngency condtttons; factors s„cl, as the length and namte (DNA RNA bl. 

composttton) of the probe and nature of the target (DNA RNA 1. 

present in solution or immobilized etc 1 and thf "mpostlton. 

eic; and the concentration of the sah*: anH nfK«^ 

rar.irrniz.''^"''^"--^---- 

in a rang!tr:bttt;T(ixt::: rr: '--"^ 

.e,o. T„. AS Will be '"'^ " 

be used to identify or detect tdentical 1, T ^ ' "y*^'^'-"" 

Similar or related polynuZ J e :^:~?""^'^ " " """'"^ " 
sequence of interest win hvbrtdize to t^ac^o , ' 

. naize to ,ts exact complement and closely related sequences. 
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As used herein, the term "purified" or "to purify" refers to the removal of 
contaminants from a sample. The present invention contemplates purified compositions 
{e.g., the ALBl and ALBS stains of 5. cerevisiae). 

As used herein, the term "substantially purified" refers to the removal of a 
significant ponion of the contaminants of a sample to the extent that the substance of 
interest is recognizable by techniques known to those skilled in the art as the most 
abundant substance in the mixture. 

As used herein the term "portion" v/hen in reference to a protein (as in "a portion 
of a given protein") refers to fragments of that protein. The fragments may range in size 
from four amino acid residues to the entire amino acid sequence minus one amino acid. 
In one embodimem, the present invention contemplates "functional portions" of a protein. 
Such portions are "functional" if they contain a binding region (/.e, a region having 
affinity for another molecule) and such binding can take place {i.e., the binding region 
functions, albeit with perhaps lower affinity than that observed for the full-length 
protein). Such "functional portions" of the gene product are typically greater than 50 
amino acids in length, and more typically greater than 100 amino acids in length. 
"Functional portions" may also be "conserved portions" of the protein. The alignment of 
the yeast and human gene products (described herein) permit one skilled in the art to 
select conserved portions of the protein {i.e., those ponions in common between yeast 
and man) as well as unconserved ponions {i,e., those portions unique to either yeast or 
man). The present invention contemplates conserved ponions 20 amino acids in length 
or greater, and more typically greater than 50 amino acids in length. 

As used herein the term "portion" when in reference to an oligonucleotide 
sequence (as in "a portion of a given sequence") refers to fragments of that sequence. 
The fragments may range in size from four base residues to the entire oligonucleotide 
sequence minus one base. More typically, such portions are 15 nucleotides in length or 
greater. Again, such portions may be conserved portions (see Figure 8). On the other 
hand, such portions may be unique portions of the gene. 

"Compound" refers to any chemical entity, pharmaceutical, drug, and the like that 
can be used to treat or prevent a disease, illness, sickness, or disorder of bodily ftmction. 
Compounds comprise both known and potential therapeutic compounds. A compound 
can be determined to have therapeutic potential by screening, e.g., using the screening 
methods of the present invention. A "known therapeutic compound" refers to a 
therapeutic compound that has been shown {e.g., through animal trials or prior experience 
with administration to humans) to be effective in such treatment or prevention. 
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Mshspect r : ^^^^^^^^^^ 

produced by any of ,be „eLl " ct ^t^r^ ""^ 

The temi "affinity purification" refer, r P^^^'P"^t'on- 

antigen or a ponion thereo fro. a lU^^^^^^^^^ ^ ^^-^ 

antigen. ^^^^"se of affinity for the 

"Immunofluorescence" is a staining technique used to identifv marie label 

r:;— ^^^^^^^^^ 

ligand, if an antibody is coniu^J , „ '^^i'"> ^ 

.yana„«body,.Lr 

n.o,cc„ie. Where .id fluorescenloi^uU an be ■ la ,ZX ^ 
insmm,en, (..g.. a fluorescen. microscope) '° 

fea.u,c(., of a cell or celb ' " ^ 

"^ed.oZ::::::=z^^^^^^^^^^ 

Immynoabsorbam- and "imraunoaninity" shall be define , k 
with anUbody reactive 10 said an.i»» "n, brndrng antigen 

solid or sentiLlid snbZ ' °' ' 
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herein r;;::::e'«a;':;;::" T'" - 
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se,.encesin.cba.a„nerl,ba.a.rc:r:,:^^^^^ 
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"Heterologous DNA" sequence refers to a nucleotide sequence which is not 
endogenous to the cell into which it is introduced. Heterologous DNA includes a 
nucleotide sequence which is ligated to, or is manipulated to become ligated to, a nucleic 
acid sequence to which it is not ligated in nature, or to which it is ligated at a different 
location in nature. Heterologous DNA also includes a nucleotide sequence which is 
naturally found in the cell into which it is introduced and which contains some 
modification relative to the naturally-occurring sequence. 

"Morphology" shall be defined as the visual appearance of a cell or organism 
when viewed with the eye, a light microscope, a confocal microscope or an 
electronmicroscope, as appropriate. Morphology shall include, but is not limited to, cell 
shape, cell appearance and cell color. 

"Patient" shall be defined as a human or other animal, such as a guinea pig or 
mouse and the like. 

GENERAL DESCRIPTION OF THE INVENTION 

This invention generally relates to a novel assay for the screening of compounds 
that are agonistic or antagonistic to the mevalonaie pathway and sterol and cholesterol 
synthesis. In selected embodiments this assay incorporates colorimetric, growth, 
biochemical (e.g., HPLC) and immunological methods for high tlirough-put screening of 
compounds. 

Baker's yeast Saccharomyces cerevisiae are single celled eukaryotes used 
extensively as model organisms. This model system provides for the facile 
manipulations of yeast genes, availability of the complete genomic sequence of baker's 
yeast, and identification of numerous yeast genes which directly correlate with known 
human disease genes. One fundamental discovery that has become clear fi-om the use of 
this model system is that many physiologically significant regulatory pathways and 
proteins are highly conserved among all eukaryotes. Importantly, mammalian 
homologues of many yeast proteins are known to be important in regulating cell 
physiology, including the mevalonate pathway. Therefore, these model systems have 
been effectively utilized for the rapid identification and functional characterization of 
compounds that may be of use as therapeutics in higher eukaryotes. Thus yeast is well 
suited as a model system not only for the elucidation of basic cell biology but also for 
large-scale screening of compounds which specifically target cell growth. 
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I. Assay Development 

The Saccharomyces cerevisiae protein ModSp catalyzes the addition r 
isopenlenyl group to adenosine (i^A) at position 37 nf 7 °^ 

(Kh-ne, "N6-(deIta-2-isopentenv al o ^'^^'"^ '^^s 

acid 

isopentenyOadenosin^hiosyntheL^"^^^^^^^^^^^^^ 

... w,. ....... "f^^ 

Gefter,..DeUa2isopentenylp^^^^^^^^ 

■sopemenyltransferase from Escherichia coli P,m-fi...- . 

5/0/ C/.. 247:5675-5680 1972- McO v " " ^'^"^^ 

410, 1977; Dihanich, et al "Isolation anH "''"""'^ ^^^'"^ 10:403- 

isolation and charactenzat on of A/<9m a a^„o • 
■sopentenylation of cytoplasmic and mitochondrial tRNAs of 

■ distribution m the cell Mnd-J^ , • , ""^ '» 

is ,oc.i^ t""" " ^"^^ 

-=lve Of the^OC. ° olTed r- '°*.n 
■^0D3 ,n,„s,ation initiati e C;^^^^^^ « 

in the cytosc- aUB^XZiZI^^'' ""'"""^ ^"■™"'°«" 

Over-expression ofErgJOp causes a decrease in i'AiRMA . 
■n yeas, and an approximately 70% decrease i„ i'A Z'f '^''-''^'"^ ^-P""-"" 
are most likely due to the loss of ModT k ™'^«"«on of tRNA. These effects 

J '""^ °""™5p substrate to Ere20D Til. J 

dependence of lRNADrocp«m„,. ■. "^"P- the data demonstrate the 

dataaisoindicatZ 

sterol biosy„,hesis. Hence, ,he tl^A Id e ' ''^ » 

app.rentco,„peti.io„a„dade,icr:a:::::::~rr-'". 

proper ftncttoning of translation and mevalonaL .etabo^ ^ '° 

cytoso,i?s:;"?;;~ -"^^-^ ^^'^^^ .rna m 

"'sopenteUror^fa ~ »f -yrosine (Latet, „ 

i. an antisuppressor mutam 

eerevir,-.... ^„.^, 5:4329-4342 1 978 C M ■ 

l^od5p-l have limning cytosolic amounts of isozyme and chl ■ I 
~nan.or,heact.vit.ofthisiso^ea,,~~ 
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screens/selections based on nonsense suppression can identify cells with altered cytosolic 
Mod5p-l activity (Zoladek, et ai, "Mutations altering the mitochondrial-cytoplasmic 
distribution of Mod5p implicate the aciin cytoskeleton and mRNA 3* ends and/or protein 
synthesis in mitochondrial delivery" Mol Cell Biol 15:6884-6894, 1995). 

Applicants employed the genetic strategy of using over expression to perturb a 
pathway (Rine, "Gene overexpression in studies of Saccharomyces cerevisiae'' Methods 
Enzymol 194:239-251, 1991) and developed a protocol for the selection of cells with 
lower than normal levels of cytosolic Mod5p-I activity. Using this strategy Applicants 
were able to sample the entire yeast genome and identify genes that, when overexpressed, 
lead to lower than normal levels of cytosolic Mod5p-I activity. 

As a result of that screen. Applicants have identified two categories of genes. The 
first category includes genes that affect nonsense suppression via alteration of the protein 
synthetic machinery. Applicants' studies suggest that the yeast gene product encoded by 
. YDL219W may function in protein synthesis and that the translation elongation factor 
EFl-y may function in translational proofreading. SAL6 mdARCl, with previously 
established effects on protein synthesis, were also recovered. 

The second category includes ERG20, involved in sterol biosynthesis. The 
mevalonate pathway generates sterols, prenylated proteins, heme A, dolichbl, ubiquinone 
and the substrate required for isopentenylation of tRNAs (Figure 1). Both Mod5p and 
Erg20p use the same substrate, dimethylallyl pyrophosphate (DMAPP). Recovery of 
ERG20 coupled with subsequent biochemical assays demonstrating a reduction of i^A on 
tRNA is most easily explained by a model in which Mod5p and Erg20p compete for a 
limited pool of DMAPP. When more DMAPP is used to make sterols, less is available 
for modification of tRNA and a reduction in the efficiency of nonsens_e suppression 
results. Thus, Applicants have demonstrated that the tRNA biosynthetic pathway and the 
sterol biosynthetic pathway are in apparent competition for substrate and that Erg20p and 
Mod5p must be balanced to optimally maintain the protein synthetic machinery. A 
practical consequence is that it should be possible to adapt the selection the applicants 
developed to assess the effect of mutations and/or drugs that change the distribution of 
DMAPP betvv'een the sterol pathway and the tRNA biosynthetic pathway. 

Applicants interest in the distribution of sorting isozymes led to the design of a 
screen for gene products that function in the subcellular distribution of Mod5p or affect 
its ability to modify cytosolic tRNAs. Applicants anticipated the discovery of genes 
affecting transcription of MOD5 and/or tRNAs, nuclear export of tRNA, and the 
translation process, (in addition to those involved in protein distribution). Three gene 
products, Sal6p, Tef4p and YDL219w, may affect nonsense suppression via function in 
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protein translation and Arclp.could play a role in nuclear export of tRNA. No gene 

unco^ ered Rather, ERG20, .mportant to sterol biosynthesis, was discovered 

Sal6p/Ppqlp ,s a serine-threonine protein phosphatase very similar to m.n,„,r 

syn,hes,s £„.yA<.c/,e». 2,8:689-699, 1993). Muhipl. copies of «l/cau« 
annsupprcssion of nonsense mmarions (Vincem, « a,., "The yeas, «nsla,ional 
allos^ppressor. SAL6: a new „,ember of >he PPl-like phosphause family wi,h a lone 
sen„e.nch N-,enni„al ex.ension" Cen.,ics 138:597-607. .994) and U,e.»«-; allele «s 
as an allosnppressor (Vincem, e, .i. -The yeas, ,ra„s,a,ional allosuppressor. . 
new ^en, er of .he PPl-hKe phospha,ase family w„h a long seHne-Heh N-,™^' 
e«ens.o„" Oen.^cs ,38:597-607, 1 994; S,ansfie,d and Tui.e, ••Po,ypep,ide ^ 
,emnna„on m Saccharomyce. cerevisiae' Curr Gene, 25:385-395, , 994) Yeas, cells 
. con,a,n,ng a dis^pied PPQ, gene exhibi, a slowed ,ra„s,a,ion ra,e and hypersensidl 
o mh,b„o. of protein s^*esi. (Chen, e, "PPQ, a nove, pro,ei„ phosTha,aJ 
con«.n.ng a Ser. Asn-rich an,ino-,enni„al domain, is involved in ,he reg„,a,ion of 
pro«,n s>.,hes.s»£,.y^/oe*e» 218:689-699, 1993). 7T,ese findings sugges, a role for 
Sal6p ,n the regula,ion of .he fideliry of ,ransla,ion (Vincen, e, a,.. "The yeas, 
^anslanonal allosuppressor, SAL6: a new member of ,he PPl-like phospha,ase family 
w,,h a long senne-rich N-,en,inal extension" G«e„« ,38:597-607, 1994; Chen, « < 

is2,vrr™,''"''"""™^"'"'°="*^^^^^^ 

IS mvolved m .he regu,a„on of pro.ein synthesis" £,<rya,acA.„ 2,8:689-699 1993) 
Tef4p ,s ,he gamma snbuni, of e,onga,ion facor , (EF-,). Eukaryoric EF-l 

subunns. EF- a b,„ds OTP and ,hen ,he proper aminoacyl-,RNA and posi,io„s fte 

rri J" """" ' » ^ 

«< Mul„plege„esencodetheu-ansla,ionelonga,ionfac.orEF-,.amn,ai„ 

Liltr^'^rT""*''"''^"*''" "^2703-2707, 1994: Hinnebusch and 
Lehman, m The molecular and cellular biology of the yeas, WWo™>c«: Genomic 
aynam^ pro,e,„ syndesis and energetics" eds. Broach, « (Cold Spring HarboZ 
Press Pla,„v,ew, NY, Vol. 1, pp. 627-735, ,991). The exact fimcnon of Ef" t „ot 
been detemttoed; however, in saU„a ,his subuni, was obsen.ed ,o em^lc^r 
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function of EF-lp catalysis. In the same study EFl-y was found to interact with cell 
membranes and tubulin suggesting that it might mediate the association of the 
translational machinery with the cell framework (Janssen and Moller, "Elongation factor 
1 beta gamma from Artemia. Purification and properties of its subunits" EurJBiochem 
171:119'129, 1988). 

In bacteria the EF-1 counterpart functions in translational proofreading. 
Incorrectly inserted aminoacyl tRNAs can be removed prior to GTP hydrolysis and prior 
to the departure of EF-1 a from the ribosome (Hirmebusch and Liebman, in "The 
molecular and cellular biology of the yeast Saccharomyces: Genomic dynamics, protein 
synthesis and energetics" eds. Broach, et al. [Cold Spring Harbor Lab Press, Plainview, 
NY] Vol. 1, pp. 627-735, 1991). If the yeast EF-1 ser\'es a similar function as the 
bacterial Counterpart, it is unlikely that the a subunit panicipates in this function as extra 
copies of the genes encoding EF-1 a decrease fidelity (i.e., they enhance suppression of 
nonsense mutations; Song, ei al., "Elongation factor EF-1 alpha gene dosage ahers 
translational fidelity in Saccharomyces cerevisiae'' Mol Cell Biol 9:4571-4575, 1989). 
Applicants show that over-expression of Tef4p reduces nonsense suppression and 
therefore it is possible that it is the EFl-y subunit that functions in EF-1 proofreading. 

ORF YDL219W is predicted to code for a 150 amino acid protein with no 
significant homology to any characterized protein. However two lines of evidence 
indicate that this protein may function in the translation process. First, the gene possesses 
an intron {Saccharomyces Genome Database, http://genome-www.stanford.edu/'cgi- 
bin/dbrun). As introns are rare in yeast other than for approximately half of the genes 
encoding ribosomal proteins (Woolford and Warner, in "The molecular and cellular 
biology of the yeast Saccharomyces: Genomic dynamics, protein synthesis and 
energetics" eds. Broach, et al. [Cold Spring Harbor Lab Press, Plainview, NY] Vol. 1, pp. 
587-626, 1991), the presence of the intron is suggestive of a role in translation. Second, 
Applicants show that over expression of YDL219w affects tRNA-mediated nonsense 
suppression. 

Arclp, or G4pl, was originally discovered as a quadruplex nucleic acid binding 
protein (Frantz and Gilbert, "A novel yeast gene product, G4pl, with a specific affinity 
for quadruplex nucleic acids" J Biol Chem 270:20692-20697, 1995). Subsequently, 
Arclp was demonstrated to bind tRNA and to complex with methionyl and glutamyl 
tRNA s>nnlhetases (Simos, et al., "The yeast protein Arclp binds to tRNA and functions 
as a cofactor for the methionyl- and glutamyl-tRNA synthetases" £Af50 J 15:5437-5448, 
1996. Recent studies have shown that aminoacylation is imponant for tRNA nuclear 
export (Lund and Dahlberg, "Proofreading and aminoacvlation of tRNAs before export 
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ftom *. nucleus" Science 282:2082-2085, 1 998; Saxkar, e, al.. "Nuclear ,RNA 
aminoacylatjon and its role in nuclear evnon «f a 

yeas, prceta A.Ip binds ,o .R^l d " " 

siu,a.,.,RNA s;.he..es" ^^^^ :r8 ^ :,t;: '^7=*^°-'- »■ 

sy..he.. l„.e„c.io„s w,* Loslp, „e yea^T^r ^ ^ Z ^ T.T ■ 
a^c.a,e.p„„.ecep,„.ro.RKA"C„...,3.0^3M:,P^^^^^^^^ 

"^ '7' ^^^^'^998). Thus, It IS possible that over-expression of Arclo 
mterferes w.th the appropriate nucleus/cytosol distribution of t^A mI^L 
expressed Arclp could interfere with the interaction of ,RMA ^ i 

omplexes ,„ a gel .obi,i,y assay, indicative of higher-order complexes (S Z^.^ 
™e yeas, p™»„ ArCp hinds ,o ,RNA and i^ncions as a eofacor for fte^Sil;^' 

and gluranryl-mNA syngases" £^50y,5:M37.5448. ,996). Perhaps e ' 
q™..,.,esof cellular Arclp complexes w„h ,RNA. preventog L UmAft^:,* 
fimcliomnjnomially in translation. "irom 

I. is contemplated that mutations may be imt^duced into the MODS gene and 
o^^onuclecdes used in mutagenesis. Figure 4 pres«,ts the nucleotide se,ue rf^he 
MOV, gene ftom tu^o nucleotides 5- of the SnaB) site upstream of the opi readina 
<™ie codon 1 4 followed by the se,„ence in the area of .he first Nsil si. . lie D^A 
s^ences of ohgonucleo.ides M, and M2 are shown below ,he co,respond,„g Zype 

b^ve,hes,.es. E"=ode<i am.no acds are in three-lener code below codons TOete 
iwomethiomnecodons are indicated by capital letters Tl,.lu, ,• 
Ae only amino acid change in M0D5 (Me, 1 1^!^' T T 

.. ^ 3" Other changes become Dart of the 

A'.m.. 343:425-430, 1990. The "statin" cla^. / 

^'^'u. ine statin class (e.^., compactin and lovastatin) of 

reducase ,^,bi,ors are safe and effecive in lowenng ,o,al cholesteto, le td 
revennng ,he progresston and reducing the occurence of coronary d s^Te evTl ,E„do 
nre dtscovety and developmen. of HMG-CoA reducuse inhibi.^- ja,7Z 



wo 00/78994 



PCTAJSOO/17190 



33:1569-1582, 1992; Brown, et al., "Regression of coronary artery disease as a result of 
intensive lipid- lowering therapy in men with high levels of apolipoprotein B'* NEngJ 
Med 323:12^9-1298, 1990; Nash, "Meeting national cholesterol education goals in 
clinical practice-a comparison of lovastatin and fluvastatin in primary prevention" Am J 
Cardiol 78: SuppL 6A:26-31, 1996. Zaragozic acid inhibits squalene synthetase 
caialzying the first step of the pathway committed solely to sterol biosynthesis, but 
appears not to be currently used in the clinical setting. A novel type of zaragozic acid, 
ZAD3, also inhibits famesyl protein transferase and, therefore, protein prenylation as 
well (Tanimoto, et al., "Inhibitory activity to protein prenylation and antifungal activity 
of zaragozic acid D3, a potent inhibitor of squalene synthase produced by the fungus, 
Mollisia sp sank 10294" J Antibioi 5\-A2Z-A3\, 1998). There appears to be no drug in 
current clinical use that affects solely cholesterol biosynthesis without affecting other 
famesyl-PP-derived products. 

Applicants have demonstrated that increased levels of an enzyme of the sterol 
biosynthetic pathway can be assessed indirectly simply by colony color and/or growth on 
particular media because changes in nonsense suppression occur. Thus, additional 
mutations and/or drugs that affect the pathway could be identified by a modification of 
the screening protocol Applicants describe. The effect of prospective new regulators of 
pathway enzymes on the suppressor ability of a strain with the ALBl genotype {modS- 
M2SUP7 canl'lQO ade2-l) could be assessed by adding them to canavanine-containing 
or adenine-lacking media and monitoring cell growth. If the presence of a substance 
enhances colony growth on canavanine or deters colony formation on media lacking 
adenine or causes red colony color to develop, in comparison to the growth/color- 
observed on media without the test substance, then the substance may be increasing the 
flow of DMAPP through the mevalonate pathway and decreasing tRNA modification. 
Likewise, using the mod5-M2,KR6 allele Applicants have previously shown (Zoladek, et 
ai "Mutations altering the mitochondrial-cytoplasmic distribution of Mod5p implicate 
the actin cytoskeleton and mRNA 3' ends and/or protein synthesis in mitochondrial 
delivery" Mol Cell Biol 15:6884-6894, 1995) that increased cytosolic Mod5p activity 
results in acquishion of the ability to grow on media lacking lysine. Therefore, 
compounds that decrease use of DMAPP by the sterol pathway may also be easily 
assessed. In this way, potential enhancers and inhibitors of the mevalonate pathway 
could be initially screened for their efficacy quickly and inexpensively. 
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, Assay Applications 

The Mevalonate Pathway 

feedback regulation of low demhv 1 for 

of c«,e.r as well aa hear, disease ""^ f"™ 

.ranscrilir'H""'' " ""^^''^ -olving 

principally ,bosc ca,aly.ed by HMO C AsZIT^oTTT 
'pyropl,ospha,c synthase. HMG CoA red " he r ' 
biosynrhesis as well as U,e .os. highl T''"' 

transcnptional and post-translational levels Sterol r.,.H- . ^ ■ 
*edo„^.re.,a.o,ysi,eins.eroloJ^^ 

Cholesterol 

Since cholesterol is present in all tissues of vertebrate, ;,nH c« • 

using an iso.opicequilibriun, .=,hod, concluded ,ha to olal h 

maximal capacity for ab™hin„ . . ™^ ^"''•'"'^ 

u.n. comb,- ed l^:^ZlZ:Z!Tr 

isoiope balance methods, have shown that 30 to 40 % of 
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dietary cholesterol is absorbed in most adults over an intake range of 40 mg/day to more 
than 2 g/day. 

Although some disagree about the percentage of absorption, all investigators 
agree that only part of the cholesterol of both origins is absorbed. This in itself is a 
remarkable fact if one considers the different conditions for cholesterol absorption for the 
two sources of cholesterol. Bile cholesterol, for example, consists of unesterfied 
cholesterol already solubilized in mixed bile salts (BS) phospholipids (PL) micelles. 
Exogenous cholesterol is not water soluble and is not absorbed an in FA ester. Pancreatic 
cholesterol esterase, activated by BS, is capable of splitting cholesterol ester into the free 
sterol and fatty acid (FA), but this is a rather slow process compared to the hydrolysis of 
triglycerides (TG). Free cholesterol is dissolved in the oil phase and into micelles. When 
the oil phase disappears, cholesterol precipitates slowing down the rate of absorption. 

That cholesterol is only absorbed via micellar solubilization may explain the 
relatively poor absorption of exogenous cholesterol in healthy subjects, but it does not 
explain why endogenous cholesterol is poorly absorbed also. It is most likely that 
cholesterol absorption from micelles slows down considerably when monoglycerides 
(MG), FA, and PL have disappeared from the micelle because their rate of absorption is 
much faster and BS micelles alone are poor detergents. Chijiwa and Linscheer's (Chijiwa 
and Linscheer, ''Effect of intraluminal pH on cholesterol and oleic acid absorption from 
micellar solutions in rat" Am J Physiol 246:G492-G499, 1984) observation that 
absorption rates of cholesterol are much higher at the lower pH of the duodenum and 
proximal jejunum than at the higher pH in the distal half of the small bowel suggests that 
this may be a contributing factor. 

The physiological malabsorption of cholesterol (related to its very low solubility 
in water) is essential for the intestinal excretion mechanism of cholesterol. Cholesterol is 
also the substrate for BS synthesis, but reabsorption of BS is highly efficient and the 
amount of BS excreted in feces is not the main excretory pathway of cholesterol. 

The normal intake of cholesterol (200 to 600 mg/day) accounts for only a small 
fraction of the total cholesterol transported, and because its contribution to the pool is 
small, no saturation will be apparent for the absorption of dietary cholesterol. Although 
individual responses of blood cholesterol show marked variations when animals and 
humans are exposed to increased amounts of dietary cholesterol and some may even 
show no clear charge, the majority will react with an increase in concentration of blood 
(and tissue) cholesterol. Apparently no adequate compensatory mechanism exists for the 
augmented absorption by the reduction of endogenous cholesterol synthesis and for the 
increased excretion via the bile. 
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Cancer 



Elucidation of ,he gene, involved in cellular proliferaion and fte underlvi„» 
.ec a„,sn,s ,ha, prc^o.e and irt,ibi, cel, cycle p^gression ha. required . ute 7 

existing chco^erapeutics have tai^e^ „Z 0 ^ 7:: ^ 
,a.c.„,„ncha„e„tio„ha..c.edo„::r^^^^ 

c:ti:i::r::;:::r"""""^^ 

cnncal o Ra. cell.nansfonn>ng acnvily. Jnhibito,. of the enzyme ,hat catalvzeaR^ 
^■esy a„„n, f^esyl-p^ein .ansfera^e (FPTase), have beenTevelopedT 

;«.o.a.ca„ce.hen,o,he,;peU::r^^^ 

lemous process. The presem mvemion will allow for ihe hith-thro,,,!, „ 

compounds ,ha. have potential use as chen,oti,e.ape„til ' """"'"^ 



Obesitv 



The present invention is also usefiil for the <;rrPf.nmo 
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reductase to presen'e the supply of FPP and GGPP, the isoprenoids used in protein 
isdprehylation (Sinensky, et aL, "Differential inhibitory effects of lovastatin on protein 
isoprenylation and sterol synthesis" J Biol Chem 265:19931 A99A\, 1990). GGPP is 
over expressed in multiple tissues of the ob/ob mouse. It is also expressed in increased 
amounts during adipocyte differentiation in culture. Mammalian GGPP synthase 
catalyzes the synthesis of FPP and GGPP, the two isoprenoids that take part in protein 
prenylation. This suggests that this enzyme, by itself or in combination with FPP 
synthase, serves as a favored point for regulation of prenyl group production for protein 
prenylation. This protein appears highly regulated during adipogenesis and is 
overexpressed in an animal model of obesity. In this regard, compounds that regulate the 
mevalonale pathway may be useful in the regulation of downstream products of the 
pathway that influence adipogenesis and obesity. 

Plants 

The present invention is also useful for the detection and identification of 
compounds that may be agonistic or antagonistic to the mevalonate pathway in plants. 
As in yeast, dimeihylallyl pyrophosphate (DMAPP) is the substrate of both 
isopentenyladenasine (i^A) synthesis and a multitude of down stream products from the 
mevalonate pathway. The mevalonate pathway in plants is responsible for the production 
of compounds that are necessary for photosynthesis (carotenoids, chlorophylls, 
phylloquinone, plastoquinone), respiration (ubiquinone, cytochrome a), membrane 
architecture (sterols and triterpenoids), regulation of growah and development (gibberellic 
acids, abscisic acid, brassinosteriods, certain cytokinins), defense against pathogen attack 
(numerous isoprenoid phytoalexins), exchange of signals and prenylation of proteins 
(allowing for membrane targeting and cell cycle regulation) (Bach, "Some new aspects of 
isoprenoid biosynthesis in plants • A review" Lipids 30:191-202, 1995). Once compounds 
are found that regulate the mevalonate pathway, they may be further screened by 
conventional assays known to those in the art for use in various capacities. In this regard, 
the present invention is useful for the screening of compounds that may be beneficial as 
regulators of photosynthesis, membrane integrity, plant growth (eg., fertilizers) and 
protection (eg., insecticides, fungicides, antimicrobials and antivirals). 

Fungi 

Fungi are single ceiled living forms of life which inhabit the land, air and waters 
of the earth. They are more highly developed than bacteria and viruses. It is estimated 
that there are over 500,000 different species. Fungi have existed on earth hundreds of 
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the desired compound would have to be toxic to the fungus without causing undue 
negative effects on the patient. The invention, by virtual of the ubiquitousness of the 
mevalonate pathway, provides a screen where compounds that are potential antifungal 
therapeutics can be identified. Additionally, the present invention will be useful in the 
identification of compounds that may be used to eliminate yeast as an infectious agent. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Generally, the nomenclature used hereafter and the laboratory procedures in cell 
culture, molecular genetics, and nucleic acid chemistry and hybridization described 
below are those well known and commonly employed in the art. Standard techniques are 
used for recombinant nucleic acid methods, polynucleotide synthesis, and microbial 
culture and transformation {e.g., electroporation, lipofection). Generally enzymatic 
reactions and purification steps are performed according to the manufacturer's 
specifications. The techniques and procedures are generally performed according to 
conventional methods in the art and various general references (see, generally, Sambrook 
. et al. Molecular Cloning: A Laboratory Manual, 2d ed. (1989) Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., and Cuirent Protocols in Molecular Biology 
(1996) John Wiley and Sons, Inc., N.Y., which are incorporated herein by reference) 
which are provided throughout this document. All the information contained therein is 
incorporated herein by reference. 

Oligonucleotides can be synthesized on an Applied BioSystems oligonucleotide 
synthesizer [for details see Sinha et al.. Nucleic Acids Res. 12:4539 (1984)], according to 
specifications provided by the manufacturer. Complementary oligonucleotides are 
annealed by heating them to 90°C in a solution of 10 mM Tris-HCl buffer (pH 8.0) 
containing NaCl (200 mM) and then allowing them to cool slowly to room temperature. 
For binding and turnover assays, duplex DNA is purified from native polyacrylamide 
(15% w/v) gels. The band corresponding to double-stranded DNA is excised and soaked 
overnight in 0.30 M sodium acetate buffer (pH 5.0) containing EDTA (1 mM). After 
soaking, the supernatant is extracted with phenol/chloroform (1/1 v/v) and precipitated 
with ethanol. DNA substrates are radiolabeled on their 5'-0H group by treatment with 
[y-^'PjATP and T4 polynucleotide kinase. Salts and unincorporated nucleotides are 
removed by chromatography on Sephadex G columns. Likewise, the cell culture 
methods described below are also well known in the art. 

The present invention relates to the screening of compounds that are agonistic or 
antagonistic to the mevalonate pathway. Such compounds may be further screened for 
effectiveness in regulating the production of various end products of the mevalonate 
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exogenous adenine and generate while colonies on rich media whereas cells with 
insufficient i^A modified suppressor iRNA are unable to grow in the absence of 
exogenous adenine and generate red colonies on rich media. Cells with intermediate 
levels of i^A modified tRNA have intermediate phenotypes in colony color and 
intermediate rates of growth in the absence of exogenous adenine. 

LYS2 encodes an enzyme involved in the biosynthesis of lysine. Mutations in this 
gene prevent growth the on media lacking exogenous lysine. The lysl-l nonsense allele 
can be suppressed by SUP7 or SUP 11 provided that the encoded nonsense codon 
suppressing tRNAs possess an i^A modification at position 37. Cells with no Mod5p lack 
i^A modified tRNA and are unable to grow in the absence of exogenous lysine whereas 
cells with active c>losolic pools of Mod5p can grow in the absence of this amino acid. 
Cells with intermediate levels of i^A modified tRNA have intermediate abilities for 
growth on media lacking lysine. 

When a cell contains the wild- type MODS, encoding both isoforms of ModSp, the 
SUP7 or SUP 11 pools are fully modified. Such strains efficiently suppress the canl- 
100, adel'l and lys2'l and they are Can', Ade\ and Lys^. Cells which have the mutant 
modS'l allele contain approximately 1.5% of the amount of isopentenyl adenosine 
present in MODS cells, so little suppression ofcanl-lOO, ade 2-1 and lys2-l will occur, 
making them Can', Ade' and Lys". Cells with the modS'M2 allele (strain ALBl, Figure 
2), which contains a mutation at codon 12 preventing the initiation of Mod5p-II 
translation and allowing only Mod5p-I production, have about 50% of the SUP7 pool 
modified (Figure 3) resulting in intermediate levels of suppression. Such cells show 
intermediate growth on canavanine (Can''^) and on media lacking adenine (Ade"^'") and 
generate. pink colonies on rich media. Cells with the modS-M2KR6 allele (Boguta et aL, 
"Subcellular locations of MODS proteins: mapping of sequences sufficient for targeting 
to mitochondria and demonstration that mitochondrial and nuclear isoforms commingle 
in the cytosol" Mol Cell Biol. 14:2298-2306, 1994; Zoladek et al., "Mutations altering the 
mitochondrial-cytoplasmic distribution of Mod5p implicate the actin cytoskeleton and 
mRNA 3' ends and/or protein synthesis in mitochondrial delivery" Mol Cell Biol 
15:6884-6894, 1995) have a very small cytosolic pool of i^A-tRNA and they are unable 
to grow in the absence of lysine (Figure 2). 

In the process of searching for genes that caused decreased cytosolic pools of 
Mod5p-I, ERG20 was found (Benko ei aL^ "Competition between a sterol biosynthetic 
enzyme and tRNA modification in addition to changes in the protein synthesis machinery 
causes altered nonsense suppression" PNAS 97:61-66, 2000). ERG20 encodes famesyl 
diphosphate synthetase. This enzyme catalyzes the formation of geranyl pyrophosphate 

18 
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EXPERIMENTAL 

The following examples are intended to illustrate, but not limit, the present 
invention., Additionally, the following examples employ standard molecular biological, 
microbiological and cell culture procedures. These techniques and procedures are 
generally performed according to conventional methods in the art (see, generally, 
Sambrook et al. Molecular Cloning: A Laboratory Manual, 2nd ed. (1989) Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y., and Current Protocols in Molecular 
Biology (1996) John Wiley and Sons, Inc., N.Y., which are incorporated herein by 
reference). 

EXAMPLE I 

Identification of Plasmids Causing Reduced Nonsense Suppression and 
Sequencing of Inserts of Library Clones. The applicants employed the canl-lOO and 
ade2-l alleles in a mod5'M2 background (strain ALB 1) to identify plasmids causing 
. alterations in nonsense suppression. The strains were made as follows: Strain ALBl 
(MATa mod5'M2 SUP7 ade2-l canl-lOO leu2'3, -112 lysl-l lys2'l trpl uraS-l) was 
created from MD14A (Gillman, et ai, ''MODS translation initiation sites determine N6- 
isopentenyladenosine modification of mitochondrial and cytoplasmic tRNA" Mol Cell 
Biol 14:2298-2306, 1994) by the replacement of the genomic modS-l through a pop- 
in/pop-out procedure (Rothstein, "Targeting, disruption, replacement, and allele rescue: 
integrative DNA transformation in yeast" Methods Enzymol 194:281-301, 1991). 
Plasmid YCfmod5-M2 (Gillman, et al, ''MODS translation initiation sites determine N6- 
isopentenyladenosine modification of mitochondrial and cytoplasmic tRNA" Mol Cell 
Biol 14:2298-2306, 1994) was used as the donor of the M2 mutation. ThtARSl and 
CEN4 sequences were removed from YCfmod5-M2 by a BgaVSmal digestion. The Bgai 
end of the remaining plasmid was filled in using Klenow DNA Polymerase, and then 
ligated to the Smal blunt end. The resulting plasmid was linearized by 5/2^31 just 
upstream of the modS-M2 ORF and then transfomied into MDMA. Integration of the 
plasmid was selected for by growth on media lacking uracil. Resulting cells contained 
two mods alleles: modS-1 and modS'M2. Cells in which intrachromosomal homologous 
recombination and loss of the modS-l mutation occurred were selected for by growth on 
media containing 5-fluoro-orotic acid (5-FOA), due to concomitant loss of URA3. and for 
the ability to grow on media lacking adenine. The presence of the remaining modS-M2 
allele was confirmed by DNA blot hybridization. 
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HMGl gene, that causes increased HMG-CoA reductase activity and increased levels 
(-10X greater) of intermediates in the mevalonaie pathv^'ay (Donald, et ai, "Effects of 
overproduction of the catalytic domain of 3-hydroxy-3-methyleIutaryl coenzyme A 
reductase on squalene synthesis in Saccharomyces cerevisiae'' Appl Environ Microbiol 
63:3341-3344,1997). 

Library plasmids were isolated from yeast by the method of Ward (Ward, "Single- 
step purification of shuttle vectors favor yeast for high frequency back-transformation 
into £. coir Nucleic Acids Res 1 8:53 19, 1990). DNAs were sequenced by either the chain 
termination method (Sanger, et ai, "DNA sequencing with chain-terminating inhibitors" 
Proc Natl Acad Sci USA 74:5463-5467, 1977) with Sequenase Version 2.0 DNA 
Sequencing Kit (United States Biochemical) or by automated cycle sequencing 
performed in the Pennsylvania State University College of Medicine Macromolecular 
Core Facility. Nucleotide sequences were identified by a BLAST (Altschul, et al, "Basic 
local alignment search tool" J Mol 215:403-410, 1990) search at the Saccharomyces 
Genome Database BLAST server (http://genome-wwrw2.stanford.edu/cgi-bin/SGD/nph- 
blast2sgd/). 

Mod5-M2 is an allele o{MOD5 that encodes normal levels of mitochondrial but 
reduced levels of cyiosoiic Mod5p activity. In strains, with this allele cytosolic tRNAs 
are only panially modified with i^A (60%; Gillman, et ai, ''M0D5 translation initiation 
sites detennine N6-isppentenyladenosine modification of mitochondrial and cytoplasmic 
tRNA" Mol Cell Biol 1 1 :2382-2390, 1 991) and further alterations in ModSp levels are 
readily assessed by changes in nonsense suppression (Zoladek, et ai, "Mutations ahering 
the mitochondrial-cytoplasmic distribution of Mod5p implicate the actin cytoskeleton and 
mRNA 3' ends and/or protein synthesis in mitochondrial delivery" Mol Cell Biol 
15:6884-6894, 1995). The canl-100 and ade2-l alleles contain UAA nonsense 
mutations. CAN I encodes an arginine permease that allows the uptake of the arginine 
analog canavanine (Whelan, et aL, "The CAN I locus oi Saccharomyces cerevisiae: fine- 
structure analysis and forward mutation rates" Genetics 91:35-51, 1979), and cells cannot 
grow in its presence. Therefore, cells with wild-type CANl are sensitive to canavanine 
(Can^), but cells with the mutant canl-100 are resistant to canavanine (Can^). Cells 
containing SUP7 tRNAs completely modified with i^A have functional arginine permease 
and, therefore, cannot grow in the presence of canavanine, whereas cells lacking i^A on 
their tRNAs are able to grow in the presence of this drug. Cells with intermediate levels 
of i^A show intermediate levels of growth in the presence of the drug. 

ADE2 encodes an enzyme involved in the svnthesis of adenine. Cells with ade2- 
1 turn red in color and fail to grow on defined medium lacking adenine (Ade""), whereas 
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TABLE 1. Growth of Strains Containing Plasmids 



Growth on Growth/colony color on SC-adenine 

canavahinc 



Strain 


Galactose 


Glucose 


Galactose 


MDMA 


+ + 


- r 


- r 


pRSvector/ALBl 




+ w 


+ w 


pRSSAL6/ALBl 


+ 


+ w' 


+/.p 


pRSERG20/ALBl 


+ 


+ w 




pRSARCl/ALBl 


+/. 


+ w 




pRSYDL219w/ALBl 


t/- 


+ w 




pRSTEF4/ALBl 


+/- 


+ w 


+/-p. 


++, Very strong growth: 
w, white. 


Strong growih: +/-, poor growth; 


no growth; r, red; p. pink; 



EXAMPLE 2 

SAL6, TEF4, and YDL219w Confer Antisuppressor Phenotypes. 

SUP45 encodes a translation termination factor, and mutation of this gene can 
result in omnipotent suppression (Stansfield and Tuite, "Polypeptide chain termination in 
Saccharomyces cerevisiae'' Curr Genei 25:385-395, 1994; Stansfield, et ai, "The 
products of the SUP45 (eRFl) and SUP35 genes interact to mediate translation 
termination in Saccharomyces cerevisiae" EMBO J 14:4365-4373, 1995). When SAL6 is 
overexpressed in a yeast strain containing sup4S-2^ an anti-suppressor phenotype occurs 
(Vincent, et al, "The yeast translational allosuppressor, SAL6: a new member of the PPl- 
like phosphatase family with a long serine-rich N-terminal extension" Genetics 138:597- 
607, 1994). This suggested that the canavanine resistance conferred upon ALBl by high 
levels of Sal6p also may be due to antisuppression. Therefore, all of the candidate genes 
were tested for effects upon translation by assessing whether they scored as 
antisuppressors ofsup45-l. 

SL680-9C (relevant genotype sup45-2 asu9-J leul-l metS-J ura3-52) is 
capable of growing on medium lacking methionine because the mutant sup45 permits 
translation through nonsense mutations such as met8-l (Vincent, et ai, "The yeast 
translational allosuppressor, SAL6: a new member of the PPl-like phosphatase family 
with a long serine-rich N-terminal extension" Genetics 138:597-607, 1994; Stansfiel 
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25.385-395, 1994, Stansfield, ai, "The products of the SUP45 (eRFl) and SUP35 
genes interact to mediate translation temiinatinn in c u Uandi,UP35 
14:4365-4373 19951 When ^^^'^^^^^'^V^^^ "^evis^^^^^ 

^^95)- When SAL6 .s overexpressed in a yeast strain containing sup4S.2 
^ antt-suppressor phenotype occurs (Vincent, . aL, "The yeast translationa, ' 
allosuppressor, SAL6: a new metnber of the PPl-,ike phosphatase family with a Ion. 
senne-nch N-termtnal extension" Genetics 138:597-607, 1994) TT.e asu9 
allele serves to weaken the effects of o a ' ' antisuppressor 

uncn me eiiects oisup45 and permits better growth of celU with v,«,j, 
mutations (Vincent, era/ "The veast tr;,nci.f . „ S™^" oi cells with both 

ofthePPIIiW u u ' ^ '"'^^*'°"''^"°^"PP^«sor,SAL6:anew 
of the PP -I k phosphatase family with a long serine-rich N-tenninal extension" 
C^cs ,38:597-607. 1 994; Stansfield and Tuite, "Polypeptide chain tenniZon in 
Saccharomyces cerevisiae" Curr . Genet 25:385-395. 1994). 



I I^UiLL O. U. 01 SL680.9C cells overexpressing candidate gen« 




l^^tose vs. glucose growth difference sometimes not apparent. 



SL68a-9C cells transfoimed by each of the candidate genes in the t,R9lifi v. . 
Of can,-, «, i„ ^, , ModSp-I-indJpe:;™. ™. 
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phenoiype was not observed consistently in the cells containing large amounts of Tef4p. 
Neither Arclp nor Erg20p in high levels affected the suppression ofmetS-l in SL680" 
9C, and, therefore, each probably affects can 1-1 00 and ade2-l suppression in ALB I via 
another route, likely by alteration of Mod5p-I or tRNA activities or location. 

EXAMPLES 

OverexpressioD of ERG20 Results in the Reduction of Isopentenyl Adenosine 
Present in tRNA. The protein encoded by ERG20, famesyl diphosphate synthetase, 
catalyzes the formation of geranyl pyrophosphate and famesyl pyrophosphate by the 
condensation of units of DMAPP and its isomer isopentenyl pyrophosphate (IPP). 
DMAPP is the same molecule used by ModSp as a substrate in the synthesis of i^A in 
iKNA (Figure 1; Brown and Goldstein, "Multivalent feedback regulation of HMG CoA 
reductase, a control mechanism coordinating isoprenoid synthesis and cell growth" J 
Lipid Res 2 1 :505-5 1 7, 1 980; Voet and Voet, Biochemisiiy (Wiley, NY) 1 990). It was 
possible that the large pool of Erg20p produced from the library clones used the DMAPP 
normally utilized for tRNA modification. This would cause reduced i^A-modified tRNA 
and, hence, reduced function of these tRNAs in nonsense suppression. It was also 
possible that others of the candidate genes, when overexpressed, inhibited the formation 
ofi^AtRNA. 

To determine the effect of overexpression of the candidate genes upon i^A 
modification of tRNA, Applicants employed the Mid-western procedure (Rasmussen and 
Culbertson, "Analysis of yeast trimeihylguanosine-capped RNAs by midwestem 
blotting" Gene 182:89-96, 1996) by using anti-i^A antibody. 

Low-molecular-weight RNA was prepared fi-om cells with each plasmid and fi-om 
control strains of ALBl with vector only, ALBS, and MD14A. The RNAs were resolved 
on urea-polyacrylamide gels, transferred to membranes, and probed with anti-i^A 
antibody (Figure 2A, upper). Hybridization with a radiolabeled oligonucleotide 
complementary to part of mature tRNA Tyr was used to assess the relative amount of 
tRNA in each lane (Figure 2 A, lower). Through densitomeiric analysis, the amount of i*A 
formed in tRNA of each strain as a fi-action of the amount formed in the vector-only, 
control strain was determined (Figure 2B). 

As expected (Martin and Hopper, "Isopentenylalion of both cytoplasmic and 
mitochondrial tRNA is affected by a single nuclear mutation" J Biol Chem 257:10562- 
10565, 1982), MDMA cells with the mod5-l allele have barely detectable levels of 
modified tRNA. Also as anticipated, ALBS cells with a wild-type MODS that encodes 
both Mod5p-I and Mod5p-II contained higher .levels (-35% more) of i^A-modified tRNA 
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than ALBl cells expressing only Mod5p-I fFieure > r n 
Mates shcs de,enn,ne N«-isope„,e„y,ad 3 r^o.-T " 

cytoplasmic .RNA- a« L , : ^^^^<^c,o..,., ^ 

over«p,«sing SAL6. AKX. YDU19w or ri^i, ' ^ '^^ 

Er|20p is significantly .educad ,0 app,„.i„a,e,y 30% oU^^^ZT 

Oven=roduc,ion of Erg20p results in reduced iJels of i"! ,RNa . 

"onsense suppression. '^'^ = *cf»ie in 



I . 3. Gr„«l, „, i,„,„ conl.l„i„g .Vlulucopy 

ALB I with plasmids 



Plasmids 



YEpl3 + YEpMODS 
YEpERG20 + YEp24 

YEpERG20 + YEPM0D5 
YEp 13 + YEp24 
YEpl3 + pRH1270 
YEpERG20 + YEp24 
YEpERG20 + pRH 127-3 



Growth on Growth/colony 
canavanine color on SCadeninc 




+ w 
+/.p 
+ w 
+ w 
+ w 

+/.p 

+ w 



white. 



If ovcproduction of Erg20p acts via competition with Mod5n I 
substrate (Figure 3). then providing addHiona, Mod5p sholr^r 1 1 T ' 
suppressaon. To test this, Applicants transfonned ALB 1 17 
ERG20 in a muJti copy vector, with YEpMOD5 ! 7 y^P^RGlO, 
canl-m. The results (Table ) s ow tha^ "P^"^^'"" ^^''^^^"^ 

Mod5p...ewise,irHU:rdt:;"^^^^^^^^^^ 

alterations that increase the substrate should H " ^^"^ 

Applicants introduced a .ult co^ve™ 

uiticopy vector harbonng a mutant HMGl gene, pRH 127-3, 
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that causes elevated levels of intermediates of the mevalonate pathway (Donald, et aL, 
"Effects of overproduction of the catal>nic domain of 3-hydroxy-3-methylglutaryl 
coenzyme A reductase on squalene synthesis in Saccharomyces cerevisiae'' Appl Environ 
Microbiol 63:334U33A4, 1997) into ALBl containing yEpERG20. Applicants found that 
increased levels of the intermediates also restored nonsense suppression (Table 3). The 
data support the model that the mevalonate pathway and the i^A tRNA modification • 
pathways are in competition. 

Determination of the levels of i^A in tRNA. RNA was obtained (Hopper, et aL, 
"Processing of intervening sequences: a new yeast mutant which fails to excise 
inter\'ening sequences from precursor tRNAs" Cell 19:741-751, 1980) from overnight log 
phase cultures of the following strains: ALBS, MDMA and ALBl with the pRS316 
librar\' plasmids containing SAL6, ARC], TEF4, ERG20, YDL219w or no cDNA insert. 
The RNA concentration was calculated from optical density measurement. 

RNAs were resolved on a 12% polyacrylamide / 7M urea geL The RNA was 
transferred to Hybond N+ Nylon Membrane (Amersham) in a Hoefer TE Series 
Transphor Apparatus containing IX TAE. The RNA was fixed onto the membrane by 
UV crosslinking. The membrane was subjected to immunoblotting following the 
protocol of the Renaissance Western Blot Chemiluminescence Kit (NEN) with slight 
variation. The primary antibody, anti-i^A isolated from rabbit prepared by the method of 
Senapaihy and Jacob (Senapathy and Jacob, "Identification and purification of tRNAs 
containing N6-(delta 2-isopenienyl) adenosine using antibodies specific for N6-(delta- 
isopentenyl) adenosine" J Biol Chem 256:1 1580-1 1584, 1981), was diluted either 1:33.3 
or 1:72.5 prior to use. Horseradish peroxidase conjugated anti-rabbit IgG from donkey 
(Amersham) diluted 1 :5000 or 1 :2500 served as secondary antibody. The membrane was 
also utilized for RNA detection using radiolabeled oligonucleotide complementary to a 
region of mature tRNA^^'*'. 

The intensities of the fluorescent and radioactive signals for each specimen on the 
immunoblots and RNA blots, respectively were determined by densitometry using a 
Molecular Dynamics laser scanner with the Discover)' Series Quantity One computer 
sofhvare (Protein Database, Inc.), For each sample, the ratio of its signal with respect to 
that of the signal from the ALBl with vector only sample was calculated from the 
immunoblots (Ratio 1 ) and from the RNA blots (Ratio 2). The average values for Ratio 1 
to Ratio 2 for samples from two membranes were calculated. The data show that 
increased levels of enzyme activity of the sterol biosynthetic pathway can be assessed 
indirectly simply by colony color and / or growth on panicular medium because changes 
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in nonsense expression occur. Thus addftinnoj 

EXAMPLE 4 

and the microliter plales are analyzed J,h, „ , 

recording and analysis of ,he da^ """ — 

and / or emiued nuorccencc Addl„ n !, "'"^""^ 

wi.. be deiennined ,o Zue cc ow^',*^ "'T: -P.« 

^ed,oa„a,y.ea,argen„..er:;rp::,l;:;;;°^*""^™>''- 

. .an.i.r^:r 

mevalonate pathway tnay be confin^M k , '^°"P°nnds on the 

p-.c.io.ofdo„.:trer:::X^~^ 

in the art and include radioin^unoas^s (RIAj aTd f '™"™ 

chromatography (HPLCl In ,),• 'J a"<""gli-pressiire hquid 

win be de«.^i„T " '"'"^ ^--■'^am pathway or pathway. 

n.atej::rerorrwi7pr^^^^^^^^^^ 

aSO„l.t,cora„tagoni.ce.ec.l~r.e:^^^^^^^^ 
mventton provides novel materials and methods for ,JZ' '"^ 
Ptomising therapeutic compounds that Z K """""anon of existing or 

.he mevalonate pathway ' " ^""^S""'"- effects on 
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CLAIMS 



1 . A method, comprising: 

a) providing: i) a test compound, ii) a growth media formulated to allow 

. scoring of nonsense suppression in yeast, and iii) modified yeast cells derived 
■ from wild txqpe yeast cells, wherein said modified yeast cells express reduced 
cytosolic levels of Mod5p or its homolog as compared to said wild type yeast 
cells, and wherein said modified yeast cells comprise a gene with a nonsense 
mutation and a suppressor tRNA gene coding for a tRNA modified with 
isopentenyl adenosine by Mod5 or its homolog; 

b) exposing a portion of said modified yeast cells to said test compound and 
said growth media to create a treated ponion and an untreated portion; and 

c) measuring for growth of said treated portion, 

2. The method of Claim 1, wherein said measuring of step (c) comprises examining 
the color of said yeast cells of said treated portion. 

3. The method of Claim 1, wherein said measuring of step (c) comprises comparing 
said treated portion with said untreated portion, wherein said untreated portion is exposed 
to said growth media in the absence of said test compound. 

4. A method, comprising: 

a) providing: i) a test compound, ii) a growth media lacking adenine, and iii) 
modified yeast cells derived fi-om wild type yeast cells, wherein said modified 
yeast cells express reduced c>aosolic levels of ModSp as compared to said wild 
type yeast cells, and wherein said modified yeast cells comprise an ADE gene 
having a nonsense mutation and a gene coding for a nonsense suppressor tRNA; 

b) exposing a portion of said modified yeast cells to said test compound and 
said growth media to create a treated ponion and an untreated portion; and 

c) measuring for growth of said treated portion. 

5. The method of Claim 4, wherein said measuring of step (c) comprises examining 
the color of said yeast cells of said treated portion. 

6. The method of Claim 4, wherein said measuring of step (c) comprises comparing 
said treated portion with said untreated portion, wherein said untreated portion is exposed 
to said growth media in the absence of said test compound. 



HO 
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7. A method, comprising: 



yeas, cells express reduced cvtosolic S „f MLIn ' '^'''^ 
.ype yeas, cells, and whcrein'said mod fied v=a" celfs cor""" '''^ 
hav,„g a nonsense n,u,a,io„ and a SUP7 gene d „?for a TiSa"" «™= 

• 0 measunng fo, g^^^h SSdVon4".""''"'=' """'""^ ^ . 
.he color of ^a?; "y'^SltZ'^^^t^S^^'^T"''' """^"^ 

.0 said g„w.h „edia in .he absence olsareS'rCund """""" 
1 0. A method, comprising: 

^nS:^^Z!^STZ^^!!l^fT' 

yeas, cells, wherein said modified IZtf ""M "ype 

Modip as compared ,o srS^TlS'; '-™-Ke levelsTf 

cells comprise a CANl gene havinV, „„„ """""hercn said modified yeast 

nonsense suppressor .Rm ^ ™"""°" = 8="= eoltas fca 

1 groS ?ora".ei:s.Td;tt^-' ""^ '° - --p-"" »^ 

c) measuring for gro«h Sr^.^d poniot """'""^ ""^ 

s^d .rea^d pT^n' l^^t^l^:^"^ ^'f^ -pHses companng 
.0 sa,d gro«h media in .he absence ols^aJd iLK^Zd 
12. A method, comprising: 

a) providing: i) a test compound ii) a erowth m.^- i . • 
comprising a canavanine salt and iin m J f T "^'^ '^''''"S ^''6'"'"^ and 
yeast cells, wherein said modiS ITcII '"'^ ""^ ^^"^ -"'^ »yP« 

ModSp as compared to said wUdlj^e yea^ ' e^^ ''^"""'^ '^^^'^^^ 

cells comprise a CANJ eene havinVl ' "modified yeast 

for a tRNA; ^ ''^'^'"^ ^ "'"^^t'on and a 5t//>7 gene coding 

0 measuring for growth oS^ea^pTlt 
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13. The method of Claim 12, wherein said measuring of step (c) comprises comparing 
said treated portion with said untreated portion, wherein said untreated portion is exposed 
to said growth media in the absence of said test compound. 

14. A method, comprising: 

a) providing: i) a test compound, ii) a growth media lacking lysine, and iii) 
modified yeast cells derived from wild type yeast cells, wherein said modified 
yeast cells express reduced cytosolic levels of Mod5p as compared to said wild 
type yeast cells, and wherein said modified yeast cells comprise a Zyi'i gene 
having a nonsense mutation and a gene coding for a nonsense suppressor tRNA; 

b) exposing a ponion of said modified yeast cells to said test compound and 
said growth media lo create a treated ponion and an untreated portion; and 

c) measuring for grov^th of said treated portion. 

15. The method of Claim 14, wherein said measuring of step (c) comprises comparing 
said treated ponion with said untreated ponion, wherein said untreated portion is exposed 
to said growth media in the absence of said test compound. 

•16. The method of Claim 14, wherein said gene coding for said nonsense suppressor 
tRNA is selected from the group consisting ofSUP? and SUPU: 
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2 Acetyl-CoA 

I 

Acetoacetyl-coA 



I 



HMG-CoA 



statins 



I 



Mevalonate 



Mevalonate-p 



Mevalonate-PP 
Isopentenyl-pp 



Prenylated 
proteins 

Ubiquinone 

Dolichol 

Heme -A 



i^'A tRNA 



ModSp 
tRNA 



taragozic 
acid — f 



Dimethylallyl-PP 
^ Erg20p 

Geranyl-pp 
^ Erg20p 

Farnesyl^PP Farnesol 



I 



Squalene 

I 

sterols 

Fig. 1. The mevalonate pathway (11). 
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A. 




ALB8 SAL6 ARCI YDL219 TEF4 ERG20 vector MDI4A 



□ A 03 B □ C 



Fig. 2. The level of isopentenylated tRNA found in ALB1 overexpressing 
ERG20 is reduced substantially. {A) Low-molecular-weight RNA was prepared 
from ALB 1 {mod5'M2) with each of the candidate genes or vector alone, ALBS 
(MODS), or MDMA (modS-l), The RNAs were resolved on polyacrylamide 
gels, transferred to membranes, and probed with anti-isopentenyl adenosine 
antibody {Upper) or radiolabeled oligonucleotide complementary to mature 
tRNA*^y^ (Lower). {B) The levels of isopentenyl adenosine tRNA found in ALB1 
with each of the candidate genes or vector only or in the strain ALBS or MD14A 
were assessed by densitometric analysis of two immunoblots and expressed as 
a fraction of the level found in the "vector" control. A. membrane 1 values; B, 
membrane 2 values: C, average values. 
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Normal Erg20p levels 
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on canavanine- 
containing media 
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^edia; able to grow 
on canavanine- 
containing media 
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